Reaction of aromatic α-bromoketones, sodium azide and aromatic or aliphatic terminal acetylenes in the presence of Cu/Cu(OTf) 2 following the classical method (aqueous acetonitrile at room temperature) and under microwave irradiation (H 2 O at 85 • C) leads to 1,4-disubstituted 1,2,3-triazoles as the final products after simple filtration.
Introduction
Multi-component reactions (MCRs) are one of the most important reactions in combinatorial chemistry [1] . In these reactions, compounds can be synthesized from three or more compounds reacting in a few steps and usually in a one-pot operation.
1,2,3-Triazoles have a wide range of biologically relevant properties such as anti-bacterial [2] , antiallergic [3] and anti-HIV [4] activity, and because of these properties they are targets for drug discovery [5] . In 1963, Huisgen and his co-workers described a systematic study on 1,3-dipolar cycloaddition between azides and terminal alkynes [6] . This uncatalyzed cycloaddition reaction was improved in 2002 by Meldal [7] and Sharpless [8] via the use of copper(I) which can improve the rates and regioselectivity of the azide-alkyne cycloaddition reaction. Thus the Huisgen 1,3-dipolar cycloaddition to triazoles can be performed under copper catalysis in a click reaction and is then known as copper-catalyzed azide-alkyne cycloaddition (CuAAC) [9] . The CuAAC produces only 1,4-disubstituted triazoles with excellent yields and purities.
Some of 1,4-disubstituted 1,2,3-triazoles have been synthesized using the click chemistry between α-azidoketones and terminal acetylenes, and the products have shown modest Src kinase inhibitory activity [10] . They are also important compounds for their cytotoxicity in A549 (lung cancer) [11] , HT-29 (colon cancer) [11] and He La (cervial cancer) [11] . In this paper we wish to report a simple method for the synthesis of these compounds using click reaction conditions (Fig. 1) .
α-Azidoketones cannot be easily prepared by the reaction of sodium azide and α-bromoketones, because isolation and purification of some α-azidoketones is difficult [12] . Therefore, in situ generation of α-azidoketones from the reaction of α-bromoketones with sodium azide is very important. The cycloaddition reaction between α-azidoketones and terminal acetylenes has been reported using various methods, including (1) In continuation of our studies of multi-component reactions [16 -21] and running organic reactions under microwave irradiation [22 -24] , herein we wish to report a facile synthesis of 1,4-disubstituted 1,2,3-triazoles involving the three-component, one-pot condensation of α-bromoketones, sodium azide, and terminal alkynes using the Cu/Cu(OTf) 2 as a catalyst. We investigated these procedures both by the classical method and by microwave irradiation (Scheme 1).
Results and Discussion
To optimize the cycloaddition reaction in the classical method, the reaction of 2-bromoacetophenone with sodium azide and phenyl acetylene as an aromatic terminal alkyne was used as a model reaction. In initial attempts, we examined the effect of various Cu(I) catalysts such as Cu/Cu(OAc) 2 In this reaction, the Cu(I) catalyst was prepared in situ by the comproportionation of Cu(0) and Cu(II), and Cu/Cu(OTf) 2 in aqueous acetonitrile was chosen as an effective catalyst (Table 1 , entry 4). The advantage of this catalyst is the availability of Cu(0) and Cu(OTf) 2 powder and the power of this mixture to produce 1,4-disubstituted 1,2,3-triazoles in high yields and short reaction times. The use of Cu(OTf) 2 in the absence of Cu powder gives the product in 24 h with 78 % yield (Table 1, entry 10). a All reactions were performed on a 0.5 mmol scale in 1.5 mL of solvent at room temperature; b 5 mol-% of Cu/Cu(II); c yields are given for isolated products.
Various aromatic α-bromoketones were examined with the classical method to obtain 1,4-disubstituted 1,2,3-triazoles. In this reaction, we investigated the effects of phenylacetylene and other terminal acetylenes with hydroxyl as a functional group in the reaction of α-bromoketones and NaN 3 . The results with various terminal acetylenes have demonstrated the hydroxyl group tolerance of this protocol ( can be seen from The progress of the reaction was monitored by TLC, IR and 1 H NMR. Disappearance of the azide absorption of the α-azidoketone (2100 cm −1 ) and creation of the triazole (1223 cm −1 ) and carbonyl (1701 cm −1 ) absorptions in the IR spectra indicated the formation of 1,4-disubstituted 1,2,3-triazoles, and the 1 H NMR spectrum displayed a singlet at δ = 8.54 ppm for triazole H-5.
Conclusion
In summary, we have developed mild reaction conditions for the regioselective synthesis of new derivatives of 1,4-disubstituted 1,2,3-triazoles. Reaction of aromatic α-bromoketones, sodium azide and aromatic or aliphatic terminal acetylenes in the presence of Cu/Cu(OTf) 2 under the conventional method (aqueous acetonitrile at room temperature) or under microwave irradiation (H 2 O at 85 • C) gave the corresponding 1,4-disubstituted 1,2,3-triazoles. In this reaction the products could be separated by a simple filtration. High yields, short reaction times, regioselective synthesis and mild reaction conditions in the classical method make this method very simple and useful for the prepration of 1,4-disubstituted 1,2,3-triazoles. However, this reaction was more facile and much faster, when it was performed under microwave irradiation. Because of homogeneous heating throughout the reaction media by microwave irradiation, the reactions were completed in shorter reaction time (8 -14 min) and in higher yields (85 -95 %). Because H 2 O can be used as a solvent under microwave irradiation, we can claim that this one-pot, three-component protocol has all qualities and superiorities expected from click chemistry, which was first fully described by Sharpless et al. in 2001 [25] . In comparison with other methods which needed long reaction times (8 -12 h) [11, 12] and gave moderate yields (61 -86 %) [11, 13] , this method is completed in about one to three hours giving good yields of products (72 -92 %) under the conventional method and in 8 -14 minutes giving excellent yields of products (85 -95 %) under microvawe irradiation. The pure products are obtained by simple filtration.
Experimental Section
Melting points were measured using a capillary tube method with a Barnstead Electrothermal 9200 apparatus. FTIR spectra were recorded using KBr discs on an FTIR Bruker Tensor 27 instrument. 1 H and 13 C NMR spectra were recorded on a Bruker AQS-Avance spectrometer at 500 and 125 MHz, respectively, using TMS as an internal standard. Mass spectra were documented on an Agilent Technology (HP) spectrometer operating at an ionization potential of 70 eV, and all reactions were carried out in an Ethos MR microwave reactor.
General procedure for the synthesis of 1,4-disubstituted 1,2,3-triazoles under the classical method (Method A)
To a stirred mixture of the α-bromoketone (1 mmol) and sodium azide (1.5 mmol) in aqueous acetonitrile (5 mL), Cu (10 mol-%), Cu(OTf) 2 (10 mol-%) and terminal acetylene (1.2 mmol) were added at room temperature, and the mixture was stirred for the reaction time indicated in Table 2 (the progress of reaction was monitored by TLC). After the completion of the reaction, the reaction mixture was diluted with water and filtered to collect the product. The product was washed with cold water and 0.2 M HCl (10 mL). For further purification, the products should be washed with 10 mL of ether ( Table 2 , condition A).
General procedure for the synthesis of 1,4-disubstituted 1,2,3-triazoles under microwave irradiation (Method B)
α-Bromoketone (1 mmol), sodium azide (1.5 mmol), terminal acetylene (1.25 mmol), Cu (10 mol-%) and Cu(OTf) 2 (10 mol-%) were added to water (7 mL) in a reaction vessel of Ethos MR, and the vessel was capped. The reaction mixture was irradiated for 8 -14 min at 85 • C (the progress of the reaction was monitored by TLC). After the completion of the reaction, the reaction mixture was cooled to room temperature, diluted with water and filtered to collect the product. The product was washed with cold water and 0.2 M HCl (10 mL). For further purification, the products should be washed with 10 mL of ether ( Table 2 , condition B). [11 -13, 26] 
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